Introduction
============

Chronic thromboembolic pulmonary hypertension (CTEPH) is characterized by a persistent obstruction of the pulmonary arteries by organized thrombi, leading to flow redistribution and secondary remodelling of the pulmonary microvascular bed.[@suaa096-B1]^,^[@suaa096-B2] The incidence of CTEPH has gradually increased in recent years.[@suaa096-B3] Without treatment the prognosis of CTEPHs is unfavourable.[@suaa096-B4] Although performing a balloon pulmonary angioplasty or using medical therapy may be suitable,[@suaa096-B3] a surgical pulmonary endarterectomy (PEA) is the treatment of choice for operable CTEPH.[@suaa096-B1] The majority of patients experience substantial relief from symptoms and near-normalization of haemodynamics after surgery.[@suaa096-B1]^,^[@suaa096-B2]^,^[@suaa096-B5]

Supraventricular tachycardias have been frequently (range of cumulative incidence 10--25%) observed in patients with pulmonary hypertension (PH),[@suaa096-B6] including inoperable CTEPH.[@suaa096-B7]^,^[@suaa096-B10] It has been shown that atrial tachyarrhythmias lead to clinical deterioration and may be associated with an increased risk of death in patients with PH.[@suaa096-B7]^,^[@suaa096-B8]^,^[@suaa096-B10]^,^[@suaa096-B11] Out of all types of supraventricular tachycardias in the PH population, atrial fibrillation (AF) and the related atrial tachyarrhythmias (AT), including Type I atrial flutter (AFL) are the most frequently observed ones.[@suaa096-B6]^,^[@suaa096-B7]^,^[@suaa096-B9]

From the previously mentioned surveys, patients with CTEPH treated with PEA were not included. Up to date, epidemiological data and the clinical impact of AF/AT for this population remain unclear. This study has two objectives. The first is to evaluate the prevalence of arrhythmias and their clinical outcome in CTEPH patients treated with PEA. The second objective is to describe whether AF/AT epidemiology is influenced by surgical treatment. To accomplish these objectives, we designed the given retrospective analysis of the PH registry.

Methods
=======

Consecutive unselected patients, who were diagnosed and treated for CTEPH with PEA at a single centre between 2003 and 2017, were enrolled in the dedicated registry approved by the local ethics committee. The study was performed according to good clinical practice and in compliance with the Helsinki declaration. An individual written consent was obtained from each patient. The study was approved by the local ethics committee.

The current study was part of a project on the epidemiology and clinical impact of supraventricular tachycardia in PH. The protocol used in this study has been previously described in detail.[@suaa096-B12] In short, all patients underwent a routine baseline in-hospital work-up according to contemporary standards[@suaa096-B1] including a complete assessment of their medical history, functional capacity, all indicated non-invasive and invasive methods, and right heart catheterization at the time of diagnosis. For patients with CTEPH, operability assessment included a perfusion scintigraphy and pulmonary angiography. All eligible patients were scheduled for surgery. The surgical technique developed by Daily and Jamieson[@suaa096-B13]^,^[@suaa096-B14] was used with some modifications.[@suaa096-B15] Pulmonary endarterectomy surgery was performed in hypothermic circulatory arrest. An obstructive fibrous material from the pulmonary arteries was removed. Concomitant procedure: i.e. surgical revascularization, valve surgery, was performed during the same operation when indicated.

After PEA, all patients were regularly seen at 1--6 monthly intervals, or whenever clinically indicated, in an outpatient clinic. For all patients, the follow-up included an echocardiographically evaluated pulmonary artery systolic pressure (PASP). A standard 12-lead electrocardiography was obtained as part of the regular follow-up programme at each clinical visit.

Prevalent AF/AT (common, Type I AFL included) was defined as the presence of arrhythmia on the 12-lead surface electrocardiography, 24-h electrocardiography monitors and/or during invasive electrophysiology testing and/or as indicated by a diagnosis found in the medical records, hospitalization, or ambulatory databases. The diagnosis of AF/AT was confirmed by an experienced cardiologist. Atrial fibrillation/AT documented in only the first 30 days after surgery was classified as early post-PEA arrhythmia. Patients with isolated early post-PEA arrhythmia were excluded from main analysis.

Based on clinical experiences and referred guidelines, rhythm control, i.e. the restoration of the sinus rhythm was usually attempted in all patients with a symptomatic or clinically significant tachycardia which was not previously classified as permanent. Patients with previously documented, known paroxysmal, or persistent AF/AT were scheduled for a concomitant MAZE procedure during PEA. In case of Type I AFL, the primary strategy was to restore the sinus rhythm with an early catheter ablation (CA). Atrial fibrillation patients or subjects with other AT than Type I AFL were treated with electrical cardioversion, if the sinus rhythm was not restored spontaneously or after initial antiarrhythmic therapy or in cases of heart failure symptoms. When the symptomatic recurrent AF/AT was manifested, a CA was scheduled.

Statistical analysis
--------------------

Continuous variables were expressed as means with standard deviations or by a median with an interquartile range (IQR) and compared with the two-tailed *t*-test for independent samples or by Mann--Whitney U test, respectively. Categorical variables were expressed as percentages and compared with the *χ*^2^ test. The multivariate Cox regression model was used to identify independent predictors of mortality. A *P*-value \<0.05 was considered significant. All analyses were performed using the STATISTICA version 12 software (StatSoft, Inc., Tulsa, OK, USA).

Results
=======

Baseline characteristics of the cohort
--------------------------------------

A total of 197 patients (median age 62; IQR 53--68 years; 62% males) were included in the analysis. The prevalence of all types of AF/AT in the overall study population was 29% (57 patients). Twenty (10%) patients were excluded from main analysis due to manifestation of AF/AT only very early post-PEA. Baseline clinical and demographic characteristics of the total population and subgroups by the occurrence of AF or AT are shown in *Table [1](#suaa096-T1){ref-type="table"}*. Patients with prevalent AF/AT were older, more frequently had arterial hypertension, had bigger left atrial (LA) diameter, were in a worse New York Heart Association (NYHA) class, manifested shorter walking distance during the 6-min walking test (6MWT), and higher PASP after PEA (*Table [1](#suaa096-T1){ref-type="table"}*).

###### 

Baseline demographic and clinical characteristics

                           Overall population       AF/AT            AF/AT        *P* ~1~-value       AF/AT        *P* ~2~-value
  ----------------------- -------------------- ---------------- ---------------- --------------- ---------------- ---------------
  *N*                             197                120               57              ---              20              ---
  Age (years)                 62 (53--68)        60 (50--67)      62 (57--70)         0.02         65 (60--70)         0.06
  Males                         123 (62)           71 (59)          41 (72)           0.09           11 (55)           0.74
  Arterial hypertension         124 (63)           66 (55)          45 (79)           0.002          13 (65)            0.4
  LA in PLAX (mm)             41 (36--46)        39 (35--44)      45 (40--50)        \<0.001       37 (34--42)         0.35
  RA in A4C (mm)              53 (44--62)        54 (44--61)      54 (46--65)         0.34         48 (38--55)         0.07
  RV in A4C (mm)              50 (42--57)        50 (43--57)      51 (41--57)         0.77         48 (42--52)          0.2
  EF LV (%)                   65 (60--70)        65 (60--69)      65 (58--70)         0.39         67 (62--72)         0.22
  TAPSE (mm)                  16 (13--20)        16 (13--19)      16 (13--20)         0.80         19 (14--22)         0.08
  PAMP (mmHg)                 53 (47--60)        52 (47--61)      53 (47--60)         0.63         54 (47--59)         0.93
  PAWP (mmHg)                  12 (9--14)         12 (9--14)      13 (10--15)         0.08         11 (10--13)          0.6
  RAP (mmHg)                   11 (8--15)         11 (8--15)       11 (8--16)         0.61          11 (8--14)         0.69
  PASP after PEA              40 (31--50)        38 (30--47)      45 (38--71)         0.003        38 (35--46)         0.68
  NYHA III--IV                  51 (26)            27 (23)          22 (39)           0.03            2 (10)           0.17
  6MWT (m)                   394 (301--485)     411 (321--506)   340 (254--460)       0.01        408 (319--476)       0.79
  Mortality rate                45 (23)            27 (23)          16 (28)           0.47            2 (10)           0.19
  Follow-up (years)          4.2 (1.6--6.3)     4.2 (1.3--6.4)   4.3 (1.9--6.0)       0.72        4.3 (2.9--6.0)       0.94

Values are expressed as median (interquartile range) or as *n* (%). *P*~1~-value---comparison of patients without any documented AF/AT and those with AF/AT (patients with a manifestation of AF/AT only during the first 30 days after PEA are excluded). *P*~2~-value---comparison of patients without any documented AF/AT and patients with only early post-PEA arrhythmia manifestation.

AF, atrial fibrillation; AT, atrial tachycardia; EF LV, ejection fraction of left ventricle; LA in PLAX, left atrial size in parasternal long-axis view; NYHA, New York Heart Association; PAMP, pulmonary arterial mean pressure; PASP, pulmonary artery systolic pressure; PAWP, pulmonary arterial wedge pressure; PEA, pulmonary endarterectomy; RA in A4C, right atrial size in apical four-chamber view; RAP, right atrial pressure; RV in A4C, right ventricle in apical four-chamber view; TAPSE, tricuspid annular plane systolic excursion; 6MWT, 6-min walking test.

Prevalence and clinical profile of arrhythmia manifestation before and prolonged after pulmonary endarterectomy
---------------------------------------------------------------------------------------------------------------

Out of all the patients with AF/AT (*n* = 57), AF was detected in 30 (53%) and AT in 27 (47%) subjects, respectively. Type I AFL was diagnosed in 22 patients (39% of all subjects with AF/AT). Out of all the patients with AF/AT (*n* = 57), 17 subjects (30%) the arrhythmia occurred prior to the PEA \[AF: 12 (71%); AT: 5 (29%); AFL 4 (24%)\]. In remaining 40 patients (70%) arrhythmia appeared during the long-term follow-up after PEA \[AF: 18 (45%); AT: 22 (55%); AFL 18 (45%)\]. The differences in the spectrum of diagnosed arrhythmias before and after PEA did not reach statistical significance (*P* = 0.07) (*Figure [1](#suaa096-F1){ref-type="fig"}*).

![The spectrum of detected arrhythmia. The red columns visualize patients with arrhythmia manifested before the pulmonary endarterectomy; black columns refer to patients with arrhythmia diagnosed during a long-term follow-up after the surgery. AF, atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia.](suaa096f1){#suaa096-F1}

The clinical and demographic profile of patients with AF/AT manifestation before and after PEA is shown in *Table [2](#suaa096-T2){ref-type="table"}*. Patients with a known diagnosis of AF/AT before PEA (*n* = 17) differed significantly from those in whom arrhythmia developed after PEA (*n* = 40). These individuals had a reduced distance during the 6MWT, had more frequently symptoms ranging within NYHA III or IV class, and had higher mortality rate.

###### 

Demographic and clinical characteristics in relation to manifestation of arrhythmia before and after pulmonary endarterectomy

                               AF/AT            AF/AT        *P*-value
  ----------------------- ---------------- ---------------- -----------
  *N*                            17               40            ---
  Age (years)               62 (56--71)      62 (58--70)       0.58
  Males                       12 (71)          29 (73)         0.88
  Arterial hypertension       15 (88)          30 (75)         0.27
  LA in PLAX (mm)           45 (40--47)      45 (42--50)       0.34
  RA in A4C (mm)            49 (40--64)      59 (48--66)       0.27
  RV in A4C (mm)            49 (40--58)      52 (43--57)       0.38
  EF LV (%)                 65 (61--67)      65 (57--70)       0.67
  TAPSE (mm)                16 (14--20)      16 (12--19)       0.34
  PAMP (mmHg)               53 (41--62)      53 (48--60)        0.9
  PAWP (mmHg)               13 (10--15)      13 (11--15)       0.95
  RAP (mmHg)                 10 (7--12)       13 (8--17)        0.2
  PASP after PEA            46 (41--83)      43 (38--65)       0.32
  NYHA III--IV                10 (59)          12 (30)         0.04
  6MWT (m)                 278 (235--365)   364 (298--473)     0.04
  Mortality rate               8 (47)           8 (20)         0.04
  Follow-up (years)        4.3 (1.9--6.0)   5.0 (2.9--6.8)     0.09

Values are expressed as median (interquartile range) or as *n* (%). *P*-value---comparison of patients with arrhythmia before and long term after pulmonary endarterectomy.

AF, atrial fibrillation; AT, atrial tachycardia; EF LV, ejection fraction of left ventricle; LA in PLAX, left atrial size in parasternal long-axis view; NYHA, New York Heart Association; PAMP, pulmonary arterial mean pressure; PASP, pulmonary artery systolic pressure; PAWP, pulmonary arterial wedge pressure; PEA, pulmonary endarterectomy; RA in A4C, right atrial size in apical four-chamber view; RAP, right atrial pressure; RV in A4C, right ventricle in apical four-chamber view; TAPSE, tricuspid annular plane systolic excursion; 6MWT, 6-min walking test.

Profile of patients with right atrial arrhythmia
------------------------------------------------

When comparing patients with AF or AT, subjects with Type I AFL had a more dilated right atrium (RA) \[median 62 (IQR 50--68) vs. 48 (42--61) mm; *P* \< 0.01\] and right ventricle (RV) \[median 55 (IQR 49--60) vs. 47 (42--53) mm; *P* = 0.047\]. In the rest of the tested parameters (including tricuspid annular plane systolic excursion and LA size), no significant differences were noted (*Figure [2](#suaa096-F2){ref-type="fig"}*).

![Comparison of patients with Type I atrial flutter and atrial fibrillation or other atrial tachycardia. AF, atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; LA in PLAX, left atrial size in parasternal long-axis view; RA in A4C, right atrium size in apical four-chamber view; RV in A4C, right ventricle in apical four-chamber view; TAPSE, tricuspid annular plane systolic excursion.](suaa096f2){#suaa096-F2}

Characteristics of patients with arrhythmia occurring only in the early post-pulmonary endarterectomy period
------------------------------------------------------------------------------------------------------------

In addition to the 57 patients with AF/AT appearing either prior PEA or during the long-time follow-up after the procedure, a proportion of patients developed AF/AT in the early post-PEA period defined as \<30 days after surgery. Overall this event occurred in 20 (10%) patients. In this group, an excessive prevalence of AF was noted \[AF: 18 (90%), AT: 2 (10%), AFL: 1 (5% of all AF/AT)\]. Majority of patients (16/80%) manifested AF/AT within first 7 days after surgery. Rest of subjects (4/20%) developed arrhythmia within second week post-PEA. No statistically significant difference was identified between patients with manifested arrhythmia in only the early post-PEA period and without any arrhythmia (*Table [1](#suaa096-T1){ref-type="table"}*). When compared to the rest of the patients with AF/AT, the subjects with early post-PEA manifestation of AF/AT had a smaller LA size \[IQR 37 (34--12) vs. 45 (IQR 40--50) mm; *P* = 0.0002\] and were more frequently in the NYHA I class \[10 (50%) vs. 15 (26%); *P* = 0.048\]. The difference in post-operative PASP between patients with early post-PEA arrhythmia and remaining patients with the history of AF/AT was above the threshold for statistical significance 38 (IQR 35--46) vs. 45 (IQR 38--71) mmHg; *P* = 0.06.

Treatment strategies in patients with arrhythmia
------------------------------------------------

Out of all the patients with AF/AT (*n* = 57) (excluding the early post-PEA events), initial rhythm control strategy (including both pharmacological and non-pharmacological methods) was used in 48 (84%) cases. In patients with AFL (*n* = 22), a CA/MAZE procedure during PEA was performed in 11 (50%) and 4 (18%) patients, respectively. In three patients with AFL (75% of all AFL diagnosed before PEA), CA was performed before surgery. At the final of follow-up, sinus rhythm persisted in 18 (82%) of all the subjects with AFL (3 patients had permanent AF and 1 had ongoing AFL). In AF and remaining cases of AT (*n* = 35), rhythm control was initially attempted in 33 (94%) patients. Non-pharmacological strategy (MAZE operation during PEA) was applied in 7 (20%) patients, respectively. Other patients were treated by antiarrhythmic drugs only, predominantly with amiodarone. Despite rhythm control strategy (both pharmacological and non-pharmacological), the recurrence rate of AF and related AT was 20%. At the end follow-up, permanent arrhythmia was present in 12 patients (6% of the entire study population and 21% of all patients with AF/AT). The patients with permanent arrhythmia at the final follow-up, were in a more advanced NYHA class, had an increased PASP and larger LA diameter, as compared to patients with a stable sinus rhythm (*Figure [3](#suaa096-F3){ref-type="fig"}*).

![Comparison between patients with permanent arrhythmia and those with sinus rhythm at the end of the follow-up. NYHA, New York Heart Association; LA in PLAX, left atrium in parasternal long-axis view; PASP, pulmonary artery systolic pressure; PEA, pulmonary endarterectomy; SR, sinus rhythm; 6MWT, 6-min walking test.](suaa096f3){#suaa096-F3}

Clinical outcomes in patients with and without atrial fibrillation/atrial tachycardia
-------------------------------------------------------------------------------------

During a follow-up with a median of 4.2 (IQR 1.6--6.3) years, 45 (23%) patients had died. According to univariate analysis, patients with a permanent AF/AT, with an arrhythmia manifestation before PEA, in a more advanced NYHA class or with a lower 6MWT distance were more likely to die (*Table [3](#suaa096-T3){ref-type="table"}*). In multivariate Cox regression model, the male gender, advanced NYHA classes, and a reduced 6MWT were associated with mortality (*Table [3](#suaa096-T3){ref-type="table"}*). Permanent arrhythmia at the end of study period was not identified as a mortality predictor in any model tested.

###### 

Mortality

                                                Univariate analysis   Multivariate Cox regression analysis                                  
  --------------------------------------------- --------------------- -------------------------------------- --------- ------ ------------- ---------
  Prevalent AF/AT                               41 (27)               16 (36)                                0.30       ---        ---         ---
  AF/AT before PEA                              9 (6)                 8 (18)                                 0.01       1.9    0.63--5.57     0.26
  Permanent arrhythmia at the final follow-up   5 (3)                 7 (16)                                 0.001      2.1    0.87--5.09     0.09
  Age \< 60 years                               66 (43)               20 (44)                                0.91       ---        ---         ---
  Male gender                                   91 (60)               32 (71)                                0.18       2.27   1.15--4.50     0.02
  Arterial hypertension                         97 (64)               27 (60)                                0.63       ---        ---         ---
  NYHA III or IV classes                        21 (14)               31 (69)                                \<0.001    8.56   4.17--17.60   \<0.001
  6MWT \< 350 m                                 31 (20)               30 (67)                                \<0.001    3.67   1.74--7.73    \<0.001
  PASP \> 40 mmHg                               66 (43)               24 (53)                                0.24       ---        ---         ---
  PAMP \> 50 mmHg                               50 (33)               13 (29)                                0.61       ---        ---         ---

Values are expressed as *n* (%).

CI, confidence interval; AF, atrial fibrillation; AT, atrial tachycardia; NYHA, New York Heart Association; PAMP, pulmonary arterial mean pressure; PASP, pulmonary artery systolic pressure; PEA, pulmonary endarterectomy; HR, hazard ratio; 6MWT, 6-min walking test.

Discussion
==========

Our data show the prevalence and clinical outcome of AF or AT in a real-world population of patients with CTEPH treated with PEA. The occurrence of AF/AT is associated with advanced age, more prevalent arterial hypertension, larger LA size, higher post-operative PASP, and reduced functional capacity. Patients with AF/AT diagnosed prior to PEA manifested a worse clinical outcome after surgery. Although a permanent arrhythmia at the end of follow-up seemed to be associated with a worse clinical outcome in univariate pattern, only male gender, NYHA class, and 6MWT distance predicted mortality according to multivariate analysis.

Epidemiology and pathophysiological mechanism of atrial fibrillation/atrial tachycardia in pulmonary endarterectomy patients
----------------------------------------------------------------------------------------------------------------------------

Most retrospective and prospective studies have reported a cumulative incidence of supraventricular arrhythmia ranging from 10% to 25% of patients with pulmonary arterial hypertension or inoperable CTEPH.[@suaa096-B8]^,^[@suaa096-B16] The most prevalent arrhythmias reported were AF and AFL.[@suaa096-B6]^,^[@suaa096-B7]^,^[@suaa096-B9] To the best of our best knowledge, our analysis is the first to describe the epidemiology and clinical significance of AF/AT in CTEPH treated with PEA.

There is evidence supporting the RA substrate for AF/AT: PH leads to an enlargement of the RA as a consequence of the increased afterload of the RV and its progressively worsening filling.[@suaa096-B17] A long-standing PH is associated with slowing conduction, reduced tissue voltage and regions of electrical silence in both the RA and the RV,[@suaa096-B18] and modulations of the autonomic system may trigger and perpetuate arrhythmia.[@suaa096-B19]^,^[@suaa096-B20] In addition, the performed cardiac surgery itself may increase the risk of post-incisional AF/AT after PEA resulting from RA cannulation and/or incision. Our data show substantial differences between patients with typical right-sided arrhythmia (i.e. Type I AFL) and AF or other AT in RA size. This finding supports role of advanced right atrial remodelling as consequence of the long-standing CTEPH in AFL arrhythmogenesis. Although the difference in the arrhythmia spectrum before and after PEA did not reach statistical significance, several Type I AFL seemed to increase after surgery and support the role of scarring related to surgical intervention.

We have recently shown that the LA substrate could play a role in arrhythmogenesis of complex atrial arrhythmia, even in precapillary PH patients.[@suaa096-B12] The increased LA size in AF/AT patients with CTEPH treated with PEA seems to be in line with our hypothesis suggesting the role of classical risk factors for AF contributing to its pathogenesis. This hypothesis is also supported by observation that RA enlargement was not excessive in AF patients. However, we hypothesize that increased residual PASP after PEA in patients with AF/AT is more likely due to a combination of advanced CTEPH, less effective surgical treatment, and by the existence of a subtle post-capillary component. The possible role of the post-capillary component is supported by an increase of post-operative PASP in patients with AF/AT onset before surgery. Actually the diagnosis of PH or CTEPH does not exclude a manifest or latent post-capillary component. First, because pulmonary artery wedge pressure limit is set relatively high above the limits of presumed physiological values. Second, PH diagnosis is uniquely based on resting invasive pulmonary pressure measurements. It has been repeatedly shown[@suaa096-B21]^,^[@suaa096-B22] that a fluid challenge or exercise can unmask a post-capillary component in a large number of patients.

Since in our study several well-known risk factors, such as ageing and arterial hypertension were associated with an increased risk of AF/AT, we assume that a proportion of CTEPH patients develop these arrhythmias due to the same reasons as in the general population.[@suaa096-B23]^,^[@suaa096-B24]

Early post-operative arrhythmia
-------------------------------

The incidence of AF/AT within first 30 days after PEA is not surprising. It is well known that AF is common after cardiac surgery, occurring in 15--45% of patients after surgical revascularization or valve surgery.[@suaa096-B25]^,^[@suaa096-B26] Despite post-operative AF being associated with an increased length of hospital stay and higher rates of complications including mortality,[@suaa096-B25]^,^[@suaa096-B26] the clinical profile of patients with perioperative AT/AF after PEA in our study is similar to patients without any arrhythmia. Of note, our data show lower incidence of AF/AT in early post-PEA period. This incidence is more likely as result of protocol applied. The data says that arrhythmogenic complications occur usually within several days after surgery.

Clinical outcome
----------------

The presented data is in line with previous studies reporting that AF/AT in PH patients are associated with functional deterioration.[@suaa096-B6]^,^[@suaa096-B7]^,^[@suaa096-B9]^,^[@suaa096-B17] Olsson *et al*.[@suaa096-B7] identified that the estimated survival rate after the diagnosis of PH was reduced in patients with permanent AF compared to patients with transient episodes or without arrhythmia. Another study confirmed that supraventricular arrhythmia in patients with idiopathic pulmonary arterial hypertension presage substantial morbidity and mortality.[@suaa096-B11] However, our data show that rather than the absence of a stable sinus rhythm, the male gender and a deterioration of functional parameters were stronger predictors of mortality in the multivariate analysis in our study. One of explanations of different observations of our study as compared to previously published data may be due to the fact that most patients treated with PEA in our cohort had excellent prognosis and near-normalization of haemodynamics after surgery.[@suaa096-B1]^,^[@suaa096-B27]

According to our data, a worse clinical outcome is more likely in patients with an onset of AF/AT before PEA than in patients where AF/AT was diagnosed during a long-term follow-up after the surgical procedure. Patients with a known arrhythmia before PEA manifested a lower tolerance to physical activity and manifested a higher mortality rate. We speculate that this finding may correspond with the longer duration of underlining conditions leading to the onset of AF/AT. As mentioned above, arrhythmia itself could participate in atrial electrophysiological and structural remodelling and may influence adverse clinical outcome. Based on our data, the presence of arrhythmia warrants more a cautious indication of PEA in an individual patient. On the other hand, the study did not evaluate the efficacy of AF/AT treatment on morbidity and mortality. Some patients were treated by MAZE as concomitant procedure during PEA. The role of this treatment as well as the role of CA is not known in CTEPH patients.

Limitations
-----------

Our study has several limitations including the use of information from a single centre and its retrospective design. The data were based on standard electrocardiograms and by carefully analysing a patient's history. Because of the lack of other means to do rhythm monitoring, it is likely that some self-terminating, clinically silent AF/AT episodes might have been missed. Regular follow-up procedures were present in the post-PEA follow-up. Before an indication for PEA, arrhythmias were documented more randomly during preoperative work-up or were known from patient's history.

Conclusions
===========

The study confirmed a significant prevalence of AF/AT in an unselected population of CTEPH patients treated with PEA. An excessive number of new AF/AT was diagnosed during a long-term follow-up after PEA. The existence of AF/AT diagnosis before PEA is associated with a worse clinical outcome. In the overall CTEPH population treated with PEA, a history of any variant of tachycardia and final heart rhythm were not independently associated with mortality.
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